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PERSPECTIVES  ON  SIMULATION  AND  MINIATURIZATION 


Michael  R.  McCluskey 


Introduction 

The  purpose  of  this  presentation  is  to  suggest  a  conceptual  framework  for  making 
decisions  regarding  the  use  of  simulation.  It  will  cover  such  aspects  as  the  applications  of 
simulation,  the  factors  involved  in  selecting  a  simulation  methodology,  the  aspects  of  the 
system  to  be  simulated,  and  the  conditions  necessary  for  transfer  to  the  real  world. 
Finally,  we  will  examine  some  training  applications  of  simulation  and  miniaturization, 
and  indicate  areas  where  research  is  needed. 

Before  proceeding,  I  would  like  to  define  simulation  as  we  will  be  using  it: 
Simulation  is  a  physical,  procedural,  or  symbolic  representation  of  certain  aspects  of  a 
functioning  system  (Fitzpatrick,  1962)1  — a  working  model  or  representation  of  a  real- 
world  system. 

Applications  of  Simulation 

There  appear  to  be  four  basic  areas  of  endeavor  where  simulation  techniques  have 
been  applied  (Crawford,  1967;  Gagne,  1954;  Smode,  et  a/.,  1962):  training,  performance 
measurement,  system  evaluation,  and  research. 

These  techniques  have  been  frequently  used  in  the  area  of  training,  where  the 
objective  of  the  simulation  is  to  provide  the  trainee  with  a  learning  environment  that  will 
facilitate  the  acquisition  of  the  knowledge  and  skill  required  to  function  effectively  in  the 
system  being  represented.  The  most  crucial  aspect  of  this  application  is  creating  condi¬ 
tions  that  will  provide  transfer  of  training  to  the  real-world  system. 

Performance  measurement  is  the  second  major  area  where  simulation  has  been  found 
useful.  The  purposes  of  simulation  in  this  case  are  to  determine  the  limits  of  proficiency, 
criterion  levels  of  performance,  research  requirements,  and  training  needs.  The  measure¬ 
ment  conditions  created  must  also  provide  reliable  and  valid  estimates  of  performance 
that  may  be  generalized  to  tasks  and  functions  in  the  real  system. 

Simulation  techniques  have  also  been  useful  for  system  evaluation.  The  feasibility 
and  capability  of  the  system  to  meet  its  objectives  are  relatively  simple  to  evaluate  in  a 
simulated  environment.  The  effectiveness  and  contribution  of  certain  subsystems  and 
system  modifications  may  also  be  determined  in  addition  to  the  overall  effectiveness  of 
the  system. 

Simulation  techniques  have  also  found  considerable  use  for  research  purposes.  The 
simulation  in  research  provides  a  controlled  environment  in  which  most  parameters 
affecting  the  system  may  be  examined,  quantified,  and  controlled.  Since  these  activities 
will  be  continually  introducing  change  in  the  system,  a  constant  check  must  be  main¬ 
tained  on  the  extent  of  transfer  of  the  findings. 

Although  these  four  areas  do  possess  certain  unique  characteristics  and  impose 
specific  requirements  on  the  creation  of  the  simulation,  they  certainly  are  not  independ¬ 
ent.  The  purposes  of  simulation  for  any  given  system  would  be  likely  to  include  most,  if 
not  all,  of  these  areas. 

1  The  definition  of  simulation  given  by  Fitzpatrick  has  been  slightly  modified  to  meet  the  needs 
of  this  paper. 
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Reasons  for  Simulation 

Among  the  reasons  for  using  simulation  techniques  in  our  activities  instead  of  other 
methodologies  are  expense  and  time;  safety;  ethical  or  political  constraints;  past,  future, 
or  hypothetical  events;  and  control  over  real-world  events.  In  many  cases,  the  very  nature 
of  the  system  we  are  dealing  with  dictates  that  we  use  some  form  of  simulation1 
(Redgrave,  1962;  Rogers,  1959).  The  cost  and  time  involved  in  operating  large  military  or 
industrial  systems  are  simply  prohibitive.  Due  to  the  amount  of  equipment  and  the 
number  of  personnel  needed  for  real-world  operations,  we  must  turn  to  simulation 
techniques  to  make  time  and  expense  factors  manageable. 

Other  systems  may  be  too  dangerous  to  exercise  in  the  real  world.  We  cannot  use 
the  real-world  system  to  learn  to  hit  aircraft  with  air  defense  weapons.  Through  the  use 
of  simulation  for  training,  however,  many  of  the  skills  involved  can  be  raised  to  a  high 
level  of  proficiency. 

Ethical  and  political  positions  restrict  the  use  of  other  systems  in  the  real  world.  A 
soldier  cannot  be  placed  in  a  live  combat  situation  simply  to  study  the  effects  of  stress 
on  performance.  The  combat  conditions  that  will  produce  this  psychological  state  must 
be  approached  through  simulation. 

It  is  also  necessary  to  use  simulation  techniques  if  we  are  to  examine  the  effects  of 
past  events  or  conditions  on  a  new  system,  or  if  we  are  going  to  predict  the  effects  of 
future  events.  Hypothetical  events  or  conditions  must  also  be  simulated  in  order  to 
determine  the  reactions  to  unfamiliar  situations  and  completely  define  the  capability  of 
the  system. 

Other  systems  such  as  those  involving  the  accuracy  and  performance  of  air-to-air 
missiles  are  extremely  difficult  to  control  in  the  real  world  for  experimental  purposes.  In 
order  to  precisely  control  and  measure  the  variables  involved  in  such  systems,  we  may 
again  turn  to  simulation. 

Advantages  of  Simulation 

There  are  several  other  advantages  in  the  use  of  simulation  that  may  provide 
sufficient  justification  in  themselves  for  selecting  this  particular  methodology  (Bogdanoff, 
et  aly  1960;  Rogers,  1959;  Smode,  et  a/.,  1963).  Simulation  provides  an  excellent 
environment  for  training  personnel  to  function  effectively  in  a  system.  Many  of  the 
variables  in  the  learning  environment  may  thus  be  controlled  and  measured  by  the 
instructor  so  that  he  may  make  adjustments  in  the  programs  to  meet  the  individual  needs 
of  the  trainees.  In  addition,  the  simulated  situation  will  provide  the  trainee  with 
immediate  knowledge  of  results  without  the  detrimental  consequences  of  incorrect 
actions  in  the  real  world. 

Another  advantage  of  simulation  is  control  over  the  dimension  of  time.  In  the  case 
of  rare  events  or  situations  that  develop  slowly,  such  as  large-scale  air  defense  engage¬ 
ments  or  tactical  exercises,  simulation  lets  us  speed  up  the  process  to  make  the  time 
frame  for  observation  more  suitable  for  our  purposes.  Likewise,  for  events  that  occur  too 
rapidly  for  accurate  observation  and  analysis,  such  as  complex  psychomotor  performance, 
the  sequence  of  events  can  be  slowed  to  a  more  practical  rate. 

Precise  control  over  situational  and  experimental  variables  is  another  important 
advantage  associated  with  simulation  techniques.  This  allows  us  to  evaluate  experimen¬ 
tally  the  variables  related  to  the  simulation  technique  itself  and  also  various  aspects  of 
the  system  being  simulated.  We  may  also  introduce  other  variables  that  might  otherwise 
be  difficult  to  control  or  administer. 

1  The  use  of  simulation  techniques  to  improve  Army  training  was  explored  by  Robert  A.  Baker,  Jr., 
and  William  L.  Warnick,  HumRRO  Division  No.  2,  Fort  Knox,  Kentucky. 
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Simulation  also  makes  possible  a  relatively  unlimited  number  of  replications  under 
the  same  or  different  conditions  in  order  to  develop  predictive  relationships  concerning 
the  performance  of  the  system. 

Simulation  techniques  provide  the  capability  for  economically  testing  and  evaluating 
system  performance  during  exploratory  and  developmental  stages.  In  vehicle  design, 
several  control  functions  and  configurations  may  be  evaluated  in  terms  of  operator 
capability.  In  this  manner,  proposed  changes  or  additions  to  the  system  may  be  evaluated 
before  final  development  and  production.  These  techniques  also  allow  identification  and 
definition  of  training  problems  at  an  early  point  so  that  the  necessary  modifications  may 
be  incorporated  during  the  development  phase.  During  development  or  operation,  we  may 
also  extract  certain  subsystems,  aspects,  or  components  of  the  system  for  test  and 
evaluation. 

Simulation  also  assists  in  simplifying  the  complex  environments  within  which  some 
systems  must  function.  We  may  extract  the  most  relevant  variables  from  the  environment 
for  incorporation  in  the  simulation,  or  we  may  systematically  vary  different  combinations 
of  environmental  variables. 

System  Aspects 

After  the  decision  to  use  simulation  techniques  either  through  necessity  or  to  obtain 
certain  advantages  has  been  made,  we  must  determine  what  should  be  simulated.  In  order 
to  decide  which  aspects— equipment  components,  personnel,  organization,  system  pro¬ 
cedures  and  processes,  input  data,  output  data,  environment— we  will  simulate,  we  must 
have  a  thorough  understanding  of  the  total  system  and  how  the  various  aspects  relate  to 
it  and  to  each  other.  Fitzpatrick  (1962)  has  proposed  a  taxonomy  of  system  aspects  that 
seems  appropriate.  The  equipment  components  refer  to  the  hardware  associated  with  the 
system  or  its  subsystems  and  subcomponents.  The  personnel  are  all  the  people  included 
in  the  system  and  their  respective  job  responsibilities  and  functions.  The  organization 
includes  both  formal  and  social  relationships  and  interactions  between  groups  or  individ¬ 
uals,  The  procedures  and  processes  of  the  system  refer  to  the  rules  by  which  the  system 
operates.  Input  data  are  those  that  provide  the  necessary  and  sufficient  basis  for  system 
operation.  The  products  that  the  system  has  been  designed  to  produce  are  regarded  as 
output  data,  and  the  quality  of  these  data  will  form  the  basis  for  determining  the 
adequacy  of  the  system.  The  environment  is  intended  to_  include  all  other  variables  and 
situations,  which  are  not  a  part  of  the  system  but  form  the  operational  setting.  Before 
proceeding  with  the  construction  of  a  simulated  system,  it  is  necessary  to  have  complete 
and  accurate  information  concerning  the  aspect  of  the  system  being  simulated  in  order  to 
place  it  in  the  proper  perspective. 

Simulation  Definition 

Since  we  have  selected  the  methodology  of  simulation  and  determined  the  general 
area  of  interest  within  the  system,  a  fuller  definition  of  simulation  is  required.  Once  we 
have  operationalized  this  definition  or  specified  the  procedures  to  be  used  in  making  our 
observations  and  measurements,  the  simulation  will  be  complete.  One  meaningful  defini¬ 
tion  for  simulation  is  a  physical,  procedural,  or  symbolic  representation  of  certain  aspects 
of  a  functioning  system  (Fitzpatrick,  1962).  Simulation  then  is  a  working  model  or 
representation  of  the  system,  and  it  is  assumed  that  the  observations  made  can  be 
transferred  to  the  real  system  in  the  form  of  predictions  about  its  performance. 

Our  definition  of  simulation  contains  several  items  that  require  further  specification 
before  we  may  construct  the  simulation.  Physical,  procedural,  or  symbolic  refer  to  the 
general  type  or  form  that  the  simulation  will  take.  Representation  is  probably  the  most 
critical  word  since  it  has  direct  implications  for  the  degree  of  transfer  to  the  real  world. 
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It  refers  to  the  fidelity  of  the  simulation  or  the  extent  to  which  the  average  state  of  the 
system  is  represented.  “Aspects’*  refer  to  the  part  of  the  system  we  are  simulating  and 
“functioning”  indicates  that  we  will  conduct  our  activities  within  an  operational  and 
active  system. 

When  we  use  simulation  techniques,  it  is  our  intention  that  the  observations  and 
findings  will  transfer  and  apply  to  the  real-world  system.  Since  this  is  our  ultimate 
purpose  and  objective,  defining  the  conditions  of  transfer  becomes  the  most  important 
phase  in  the  use  of  simulation  techniques.  The  degree  of  transfer  appears  to  be  directly 
related  to  fidelity  or  the  extent  to  which  we  can  accurately  represent  the  system  in  our 
simulation. 

The  fidelity  of  simulation  is  composed  of  both  physical  and  psychological  dimen¬ 
sions.  Physical  fidelity  is  concerned  with  the  extent  to  which  the  simulation  represents 
the  environment  and  operational  equipment  of  the  real  system.  Psychological  fidelity 
refers  to  the  degree  of  similarity  we  can  create  in  the  psychological  demands  of  tasks  in 
the  simulated  and  real  systems.  Several  studies  have  indicated  that  psychological  fidelity 
is  more  important  for  adequate  transfer  than  physical  fidelity  (Cox,  et  a/.,  1965; 
Grimsley,  1969;  Isley,  1968;  Muckier,  et  ai,  1959;  Prophet  and  Boyd,  1970).  Although  it 
is  probably  true  that  high  fidelity  simulation  is  a  necessary  condition  for  transfer,  it  is  a 
matter  of  which  dimensions  and  attributes  should  be  selected  and  how  accurately  they 
should  be  represented  to  obtain  cost-effective  transfer. 

In  the  development  of  any  simulation,  we  must  determine  the  levels  of  physical  and 
psychological  fidelity  that  will  be  cost-effective  in  terms  of  the  amount  of  transfer.  For 
the  most  part,  these  relationships  are  unknown,  but  it  appears  that  more  emphasis  should 
be  given  to  psychological  fidelity.  A  considerable  amount  of  research  is  needed  in  this 
area  in  order  to  completely  define  the  conditions  of  optimum  transfer  from  simulated 
environments.  In  the  absence  of  information  concerning  these  relationships,  there  appears 
to  be  a  tendency  to  request  high  physical  fidelity  as  a  precaution.  In  the  majority  of  the 
systems,  this  is  a  fairly  expensive  safeguard  of  unknown  value.  The  expenditure  of  funds 
to  achieve  high  fidelity  simulation  probably  far  exceeds  the  amount  that  would  have  been 
needed  for  systems  analysis  and  research  to  determine  the  levels  of  physical  and  psycho¬ 
logical  fidelity  required  for  equal  or  better  transfer. 

Types  of  Simulation 

Our  first  action  toward  implementing  simulation  techniques  should  be  a  determina¬ 
tion  of  the  general  type  of  simulation  to  be  employed.  Harman  (1961)  has  suggested 
several  varieties  of  simulation-replication  simulation,  miniaturization,  laboratory  simula¬ 
tion,  computer  simulation,  analytical  simulation— that  tend  to  vary  along  a  dimension  of 
physical  abstraction  from  the  real  world.1  The  spectrum  extends  from  a  high  fidelity 
replication  of  the  system  in  the  form  of  an  operational  model  to  mathematical  modeling. 
Our  task  is  to  determine  at  which  level  of  abstraction  we  can  best  represent  all  aspects  of 
a  system  for  cost-effective  transfer. 

Psychological  Dimensions  of  Simulation 

It  appears  that  the  conditions  of  transfer  from  our  simulated  environment  will  be 
primarily  determined  by  an  identification  of  the  psychological  dimensions  involved  in  the 
tasks  and  the  degree  of  fidelity  with  which  they  should  be  represented.  Crawford  (1956) 


1  Miniaturization  has  been  added  to  the  types  of  simulation  given  by  Harman  since  it  is  not  a  com 
plete  replication  due  to  the  reduced-scale,  but  it  is  more  than  a  laboratory  simulation  which  seems  to 
deal  primarily  with  subsystems  at  lower  levels  of  fidelity. 
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has  identified  several  relevant  psychological  dimensions  of  simulation.  These  include 
reactions  to  the  scope,  extent,  or  segment  of  the  environment  represented  in  the 
simulation;  the  duration  of  the  interaction  between  man  and  environment;  the  degree  of 
mediacy  between  the  person  and  the  raw  environment,  in  terms  of  both  perceptual  and 
effector  interactions;  the  importance  and  degree  of  involvement  with  interpersonal  rela¬ 
tionships;  and  the  extent  of  perceived  realism  and  related  cognitive  states.  It  is  necessary 
to  determine  how  the  tasks  observed  in  the  operational  system  are  related  to  these  or 
other  dimensions,  and  how  accurately  they  must  be  represented  in  the  simulation  for 
optimum  transfer. 

Conceptual  Framework  for  Simulation 

Figure  1  provides  both  a  review  and  a  perspective  for  the  points  we  have  covered. 
On  the  left  are  seven  steps  or  decisions  that  must  be  accomplished  to  successfully  apply 
simulation  techniques  and  meet  specified  objectives  in  terms  of  transfer  and  cost.  Listed 
at  the  top  are  the  four  areas  where  simulation*  techniques  have  been  applied.  These 
provide  a  definition  of  user  need  or  the  purpose  of  the  simulation.  Most,  if  not  all,  of 
these  purposes  probably  would  be  included  in  the  simulation  of  any  given  system. 

A  systems  analysis  will  provide  the  basis  for  effective  application  of  simulation 
techniques.  The  results  of  this  analysis  will  consist  of  the  performance  requirements  of 
the  system  and  the  necessary  perspectives  concerning  the  relationships  between  various 
system  aspects.  We  must  have  complete  and  accurate  information  concerning  the  system 
aspects  of  interest  before  proceeding  with  the  selection  of  system  elements  for  simulation. 

The  next  phase  in  the  application  of  simulation  techniques  is  the  analysis  of 
performance  requirements  and  conditions  of  performance  to  determine  where  simulation 
will  be  most  effective.  We  must  examine  these  performances  in  terms  of  our  cost  and 
transfer  objectives  to  determine  whether  simulation  will  provide  the  most  cost-effective 
approach.  Other  factors  that  may  not  be  directly  related  to  the  costs  involved  such  as  the 
reasons  for  simulation  and  the  associated  advantages  should  also  be  considered. 

The  most  important  step  in  the  application  of  simulation  is  probably  the  selection 
of  specific  system  elements  for  representation.  Using  those  performance  requirements 
where  simulation  will  be  cost-effective,  we  must  now  specify  the  critical  knowledges  and 
performances  that  should  be  included  in  the  simulation.  These  knowledges  and  perform¬ 
ances  are  all  the  psychological  dimensions  or  attributes  contained  in  the  performance 
requirements  that  should  be  represented  in  the  simulation  for  maximum  transfer.  Our 
objective  is  to  determine  which  dimensions  or  attributes  should  be  represented  to  achieve 
our  desired  levels  of  transfer  at  minimum  cost. 

In  constructing  the  simulated  environment,  we  must  determine  the  levels  of  physical 
and  psychological  fidelity  required  in  the  simulation  to  accurately  represent  the  critical 
knowledges  and  performances.  The  levels  of  fidelity  selected  must  also  be  cost-effective  in 
terms  of  the  amount  of  transfer  observed.  When  there  is  insufficient  information  concern¬ 
ing  the  required  levels  of  physical  and  psychological  fidelity,  there  appears  to  be  a 
tendency  to  resort  to  high  physical  fidelity  as  a  precaution.  The  purpose  of  high  physical 
fidelity  is  to  provide  psychological  fidelity  for  those  perceptual  and  perceptual-motor 
tasks  that  are  highly  dependent  on  the  equipment.  In  these  cases,  the  added  realism  in 
the  interface  and  task  demands  obtained  through  high  physical  fidelity  will  probably 
increase  the  levels  of  psychological  fidelity. 

We  must  ensure  in  our  construction  of  the  simulation,  however,  that  high  physical 
fidelity  is  an  actual  requirement  related  to  the  psychological  dimensions  of  the  perform¬ 
ance.  If  high  physical  fidelity  is  included  unnecessarily,  it  becomes  very7  difficult  to 
achieve  cost-effective  transfer.  The  compromises  made  between  physical  fidelity,  psycho¬ 
logical  fidelity,  cost,  and  transfer  require  constant  and  thorough  evaluation  to  ensure  that 
the  most  cost-effective  simulation  has  been  attained. 
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The  general  form  or  type  of  simulation  will  determine  how  the  psycholgical  dimen¬ 
sions  will  be  measured  as  outputs.  In  order  to  obtain  accurate  information  on  the  degree 
of  transfer,  the  methods  used  to  measure  the  outputs  must  be  valid  and  reliable  with 
respect  to  the  critical  knowledges  and  performances. 

In  those  systems  where  real-world  validation  is  possible,  the  extent  of  transfer  will 
be  determined  by  the  terminal  criterion  performance.  In  the  event  that  the  degree  of 
transfer  observed  is  not  acceptable,  we  must  return  to  a  more  general  level  of  analysis 
and  question  the  adequacy  of  our  decision  concerning  what  to  simulate  at  what  level  of 
fidelity. 

Applications  of  Miniaturization 

We  can  now  turn  to  some  of  the  practical  applications  of  miniaturization  techniques 
to  various  types  of  Army  training.  In  general,  these  techniques  have  been  effective  and 
have  demonstrated  the  potential  of  miniaturization  as  a  cost-effective  training 
methodology. 

Aircraft  recognition  is  an  area  where  miniaturized  training  has  been  successful  in 
providing  the  required  skills  (Baldwin,  1970).  After  receiving  classroom  training  in  aircraft 
recognition,  observers  were  given  a  field  test  in  a  miniature  environment  using  1/72  scale 
model  aircraft.  It  was  found  that  the  slant  range  to  the  aircraft  at  the  time  of 
identification  was  not  significantly  different  between  groups  that  were  field  trained  and 
those  trained  in  the  miniature  environment. 

Miniaturization  techniques  have  also  been  found  useful  in  tactical  training  for  tank 
platoons  (Baker,  et  a/.,  1964).  It  was  found  that  personnel  trained  with  the  miniature 
armor  battlefield  and  the  armor  combat  decision  game  were  superior  to  untrained 
subjects,  but  they  still  required  some  field  training  to  achieve  a  state  of  combat  readiness. 

Range  estimation  training  for  the  purpose  of  determining  the  effective  range  of  small 
arms  has  also  been  subjected  to  miniaturization  (McCluskey,  1968,  1971).  Observers  were 
trained  to  determine  the  range  to  1/48  scale  model  aircraft  in  a  miniature  environment 
and  then  tested  in  a  full-scale  environment  to  determine  the  extent  of  transfer.  It  was 
found  that  the  level  of  performance  demonstrated  at  the  end  of  training  in  the  miniature 
situation  transferred  to  the  full-scale  environment  for  those  range  determinations  that 
were  made  when  the  aircraft  was  inbound.  For  the  outgoing  direction  of  flight,  however, 
the  judgments  made  in  the  field  were  underestimates  of  the  range  requested,  whereas  in 
the  miniature  situation  these  judgments  were  quite  accurate. 

The  Ml 6  has  been  recently  fitted  with  a  prototype  of  a  laser  training  device  for  test 
and  evaluation.  It  appears  that  this  device  has  considerable  potential  for  simulating  or 
miniaturizing  numerous  firing  environments.  The  device  was  recently  tested  during  some 
field  firing  exercises  normally  conducted  in  Basic  Rifle  Marksmanship.  Four  experimental 
groups  fired  six  field  exercises  using  either  all  ball  ammunition,  one-half  laser  firing  and 
one-half  ball  firing,  one-half  belli  and  one-half  laser,  or  all  laser  firing.  It  was  found  that 
there  were  no  significant  differences  between  any  of  the  groups  on  their  Record  Fire  I 
and  II  scores.  This  indicates  that  the  laser  training  device  may  be  used  in  place  of  live 
firing  for  three  or  six  exercises  without  decreasing  end-of-course  performance. 

In  summary,  these  kinds  of  simulation  and  miniaturization  techniques  appear  to 
have  a  large  potential  for  use  in  military  training.  Recognizing  the  current  economic 
conditions  and  staffing  levels,  simulation  may  be  one  of  the  few  cost-effective  alternatives 
available  to  provide  training  for  many  of  the  systems.  If  high  levels  of  training  effective¬ 
ness  and  readiness  are  to  be  maintained,  we  must  seriously  consider  the  use  of  simulation. 

Before  these  techniques  reach  maximum  levels  of  effectiveness,  however,  consider¬ 
able  research  is  needed  to  define  the  conditions  of  transfer  to  the  real  world.  After  a 
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complete  systems  analysis  to  define  the  physical  and  psychological  dimensions  and 
relationships,  the  following  research  questions  may  be  addressed: 

(1)  What  task  and  equipment  aspects  require  high  fidelity  representation? 

(2)  What  are  the  most  cost-effective  levels  of  fidelity? 

(3)  What  is  the  most  effective  combination  of  simulated  and  real-world 
experience? 

(4)  What  are  the  most  effective  scale  factors  for  miniaturization? 

(5)  What  relationships  exist  between  psychological  fidelity  and  the  scale 
factors? 

(6)  What  perceptual  cues  require  high  fidelity  representation? 

(7)  What  relationships  exist  among  the  perceptual  cues,  scale  factors,  and  the 
task  demands? 

As  we  begin  to  answer  these  questions,  simulation  and  miniaturization  techniques 
should  develop  as  some  of  the  most  cost-effective  methodologies  for  training. 
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